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ABSTRACT

Working memory plays an important role in human activities across academic,
professional, and social settings. Working memory is defined as the memory exten-
sively involved in goal-directed behaviors in which information must be retained and
manipulated to ensure successful task execution. The aim of this research is to un-
derstand the effect of image captioning with image description on an individual’s
working memory. A study was conducted with eight neutral images comprising sit-
uations relatable to daily life such that each image could have a positive or negative
description associated with the outcome of the situation in the image. The study
consisted of three rounds where the first and second round involved two parts and
the third round consisted of one part. The image was captioned a total of five times
across the entire study. The findings highlighted that only 25% of participants were
able to recall the captions which they captioned for an image after a span of 9-15
days; when comparing the recall rate of the captions, 50% of participants were able
to recall the image caption from the previous round in the present round; and out of
the positive and negative description associated with the image, 65% of participants
recalled the former description rather than the latter. The conclusions drawn from the
study are participants tend to retain information for longer periods than the expected
duration for working memory, which may be because participants were able to relate
the images with their everyday life situations and given a situation with positive and
negative information, the human brain is aligned towards positive information over

negative information.
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Chapter 1

INTRODUCTION

1.1 Goals and Motivations

Working memory has been a fascinating area of research since its introduction
in the 1960s Baddeley (2012); D’Esposito and Postle (2015). Various studies about
memory in the fields of psychology, biology, or neuroscience have not been able to
completely outline a categorization of memory in terms of its functionality and mecha-
nism Baddeley (2010); Cowan (2008); Oberauer and Cowan (2005). Working memory
has been gaining a lot of importance in mundane human activities, such as academic,
professional and social settings Harden (2011).

The goal of my dissertation is to understand the effect of image captioning with
description on the working memory of humans. It tries to understand the impor-
tance of working memory on human behavior in day-to-day activities such as image
captioning.

This dissertation has been inspired by some overarching challenges and goals in
psychology and computer science. This research plans to design, develop and analyze
an image captioning game and explore various nuances in the area of working memory

of humans.
1.2 Contributions

The contributions of the dissertation are as follows.

1. Design a novel game which aims to understand the effect of image captioning

with different descriptions i.e, positive and negative description, on the working



memory of the human being.

2. Collect neutral images and generate positive and negative descriptions corre-

sponding to the outcome of the neutral images.

3. Develop the game with different levels using the neutral images and their cor-

responding image descriptions.

4. Perform human subjects research and collect data. Analyze the data to get

different insights from the data.

5. Suggest future enhancements to the game to further study the reasons behind

the effect of image captioning on working memory

1.3 Dissertation Outline

The dissertation is structured in the following manner.

Chapter 2 is a literature survey on working memory. Firstly, the survey provides an
introduction to memory and the differences between the types of memories a human
possesses. It provides more details about working memory and the factors affecting
the capacity of working memory. It further outlines various studies related to my
problem statement and corresponding outcomes of the studies. Finally, the chapter

concludes by providing an overview of the study and the hypothesis related to it.

Chapter 3 describes the image dataset designed for the experimental study. The
chapter provides details about all the images and their corresponding description used

in the study.



Chapter 4 describes the experimental study in detail. The first section provides
information regarding the participants of the study. The second section outlines the
details of the study. It further elaborates the game design and procedure of the study.
The third part provides the analysis of the data collected in the study. It also talks
about the methods used to analyze the data. This chapter also contains images of

interfaces used in the image captioning game for various rounds.

Chapter 5 provides the results generated after analyzing the data from the image
captioning study. The first section shows the distribution of image captions, consider-
ing the context similarity between Round-1 Part-1 and Round-3 captions of the study.
The second section describes the distribution of image captions, considering the con-
text similarity between Round-1 and Round-2 Part-2, and considering the context
similarity between Round-2 and Round-3 of the study. The final section provides the

impact of the description of images on Round-1 Part-2 and Round-2 Part-2 captions.

Chapter 6 discusses the results from the previous chapter. It further makes a de-
tailed analysis of the results and the reasons behind the obtained results. It also

relates the results with the previous researches and provides critical analysis.

Chapter 7 describes the possible limitations of the current study. It also accounts

for the various assumptions and interpretations considered during the study.

Chapter 8 concludes the dissertation by summarizing the contributions of the im-
age captioning study. It further outlines directions for future research in this area. It

provides possible enhancements and improvements to the current study.



Chapter 2

LITERATURE SURVEY

2.1 Memory

The quest to understand the human brain and the workings of human memory
has intrigued philosophers and researchers for centuries. Memory is one of the most
important aspects of what makes us human, and yet it is one of the most elusive and
misunderstood of human faculties. Memory can be pictured as a small filing cabinet
with separate memory folders where information is kept, or as a brain supercomputer
with enormous capacity and speed MacDonald (2008). To retrieve a memory from
the past, different areas of the brain collaborate. For example, let’s consider the act
of driving a car which is recreated by the brain from many different areas: the mem-
ory of how to get from the current location to the end of the block, the memory of
how to operate the car, and the memory of driving the car while following the safety
rules, which all come from different parts of the brain. Each memory element (sights,
sounds, phrases, and emotions) is encoded in the same portion of the brain that cre-
ated that fragment in the first place, and recalling a memory effectively reactivates
the neural patterns that were established during the original encoding MacDonald
(2008). A lasting memory in the brain is created when all the different types of
memory work together to form it. The popular Atkinson-Shiffrin model defines a
3-step model for memory including sensory memory, short-term memory or working

memory, and long-term memory Atkinson and Shiffrin (1968).
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Figure 2.1: Atkinson And Shiffrin Memory Model
2.2 Long-term Memory and Short-term Memory

To understand the basic definition of working memory, one must first understand
the difference between long-term memory and short-term memory. Long-term mem-
ory is defined as a vast store of knowledge and a record of prior events Cowan (2008).
Long-term memory capacity varies from situation to situation and from person to
person. Short-term memory is the ability of the human mind to hold a finite amount
of information in a very accessible state, temporarily Atkinson and Shiffrin (1968).
The main difference between long-term memory and short-term memory is the dura-
tion of the situation of information stored and the capacity of the information stored
Broadbent (1958). The former has a huge capacity to retain information for a long
duration and the latter is limited by the total number of chunks of information that

can be stored at a time Cowan (2008).



2.3 Working Memory

Working memory is not completely different from short-term memory. Working
memory is defined as the memory extensively involved in goal-directed behaviors in
which information must be retained and manipulated to ensure successful task exe-
cution Chai et al. (2018). Miller et al. (1960) proposed the term working memory
to refer to memory as it is used to plan and carry out the behavior. An example of
common use of working memory is recalling partial calculations while solving a math-
ematical problem. The information stored during this process is stored only for that
instance of time and is discarded from memory when the purpose is served. The fac-
tors related to the amount of time the information is stored change depending on the
situation in which the information is perceived. Working memory assessments have
been found to correlate with intellectual aptitudes (particularly fluid intelligence)
better than short-term memory measures, and possibly better than assessments of
any other psychological process Oberauer and Cowan (2005); Daneman and Carpen-
ter (1980); Kyllonen and Christal (1990); Daneman and Merikle (1996); Engle et al.
(1999b).

The multi-component working memory model, which is one of the most often
mentioned working memory models in literature Oberauer and Cowan (2005); Baars
and Franklin (2003); Ashkenazi et al. (2013); D’Esposito and Postle (2015); Kim et al.
(2015), was the first to characterize working memory.. This model states that work-
ing memory manipulates information storage for greater and more complex cognitive
utility Baddeley and Hitch (1974); Davelaar (2013). Working memory in this model
consists of three basic stores: the central executive, the visuospatial sketchpad, and

the phonological loop Baddeley and Hitch (1974). The central executive essentially



serves as a sensory store for attention. It sends data to the phonological loop, the
visuospatial sketchpad, and the episodic buffer, which are all part of the same system.
The articulatory process uses the phonological loop to store auditory information by
silently rehearsing sounds or words in a continuous loop. The visuospatial sketchpad
stores visual and spatial information that comes into the picture when performing
spatial tasks such as judging speed or visual ones such as counting the doors on a
house. The episodic buffer is used to link information between domains to form in-
tegrated units of visual, spatial, and verbal information and chronological ordering.
The memory of a story or a book is an example of chronological information stored
in an episodic buffer. Long-term memory and semantic meaning are also assumed to

be linked to the episodic buffer.

I would like to refer to the definition of working memory as the ability to maintain
goal-relevant information in mind for my further details in this paper. It is believed
by many researchers Engle et al. (1999a); Just and Carpenter (2018); Kyllonen and
Christal (1990); Daneman and Carpenter (1980) that working memory is fundamental
to higher cognitive functions, including reasoning and reading comprehension, and is
also linked to scholastic development Hitch et al. (2001). The amount and nature of
information maintained in the working memory depend on the pattern and magnitude
of brain activation during the working memory task Thomason et al. (2009). Many
researchers Kirschen et al. (2005); Zarahn et al. (2004); Jaeggi et al. (2003); Veltman
et al. (2003); Rypma et al. (1999) have proposed that maintaining larger amounts of
information in working memory leads to higher activation during working memory
tasks until the capacity limitations are reached Jansma et al. (2004); Callicott et al.
(1999). A lot of behavioral studies Conklin et al. (2007); Gathercole et al. (2004);

Towse et al. (2001); Chelonis et al. (2000) have shown that there is an increase in



working memory ability from childhood to adulthood.

The ability to maintain task-relevant visual information in the absence of exter-
nal input (i.e., visual short-term memory) is critical for learning new skills, solving
novel tasks, and acquiring new knowledge from the ever-changing visual world Logie
and Logie (1995). The most important characteristic of visual working memory is its
inherently capacity-limited nature. Many researchers Alvarez and Cavanagh (2004);
Cowan (2001); Luck and Vogel (1997) stated that the working memory capacity of
an individual is approximately three to four. The importance of working memory in
acquiring knowledge from the visual environment, in conjunction with its capacity-
limited nature, highlights the need for investigating whether it is possible to enhance
it via training. Working memory plays a critical role in guiding these top-down atten-
tional processes by keeping current goals in mind Downing (2000); de Fockert et al.
(2001); Lavie et al. (2004). de Fockert et al. (2001), Lavie et al. (2004) and Lavie
(2005) have demonstrated that increasing the demands on working memory reduces

the ability to ignore irrelevant stimuli.

One of the most important characteristics of working memory is its limited capac-
ity Cowan (2001); Baddeley (2003). Working memory capacity helps to predict fluid
intelligence and attentional control Engle et al. (1999a); Fukuda et al. (2010). For
visual objects, this value has been estimated to be three or four items William (1974);
Pashler (1988); Luck and Vogel (1997); Vogel et al. (2001). Studies that examine the
visual working memory by sequentially presenting items have shown that the infor-
mation is either completely stored or entirely forgotten William and Christie (1977);
Smyth et al. (2005); Johnson and Miles (2008). Many studies have shown that as the

number of objects to be stored in working memory increases, the precision gradually



decreases and it is worse for a sequential array of objects than a simultaneous array
of objects Lecerf and de Ribaupierre (2005); Allen et al. (2006); Blalock and Clegg
(2010).

An important question to examine is the effect of positive and negative informa-
tion on visual working memory. Various studies have shown that emotional content
has increased the chances of retaining the information for a long period Buchanan
and Adolphs (2002); Dolan (2002); Hamann (2001). Different experiments conducted
to examine the link between emotion and working memory by inducing mood in
the participants have shown a change in cognitive task performance Elliman et al.
(1997); Gray (2001); Spies et al. (1996). Spies et al. (1996); Cheng and Holyoak (1985)
have demonstrated that negative mood hinders the performance on tests of problem-
solving, working memory, and attention. This may be due to intrusive thoughts and
worries which distract the participants from the task at hand Eysenck and Calvo
(1992); Seibert and Ellis (1991). Individuals may be more likely to direct attention
consciously toward emotional stimuli or to elaborate on emotional information be-
cause of its personal relevance Doerksen and Shimamura (2001); Heuer and Reisberg
(1990). Depending on the task at hand, having additional emotional stimuli can ease,
if the task-relevant information is processed, or weaken if task-irrelevant information
is processed, the working memory capacity and performance of an individual. Perl-
stein et al. (2002) has shown that emotional content has hindered the performance

on working memory tasks.

In the proposed study, I examine the effect of image captioning with description on
the working memory of humans. I aim to understand the impact of positive and neg-

ative outcomes on working memory associated with a neutral image and understand



the impact on a long-term memory as well. I hypothesize that positive descriptions
will be retained for a longer period compared to negative descriptions associated with
the outcome of an image. I would also like to understand if additional information
associated with the image helps the participants in retaining the image captions for

a longer time in the working memory.
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Chapter 3

IMAGE DATASET

Eight neutral images were selected such that each image could have a positive or
negative outcome. All images comprise situations relatable to daily life. Each image
is associated with two descriptions: a positive description, which is the result of a
positive outcome of the situation shown in the image, and a negative description,

which is the result of a negative outcome of the situation shown in the image.
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Positive Description

Negative Description

Kiara and Sandy have been friends since
they joined Infi Tech. Kiara works in
the HR department while Sandy has
been working with the security team at
Infi Tech. It has been their routine to
meet every day for a cup of coffee at
the lounge. Today when they meet for
coffee Kiara realized that Sandy is su-
per excited to share something with her.
Sandy shares that she has been pro-
moted and has been offered a good in-
crement for the next pay cycle. Both of
them celebrate in the honor of Sandy’s

success.

Kiara and Sandy have been friends since
they joined Infi Tech. Kiara works in the
HR department while Sandy has been
working with the security team at Infi
Tech. It has been their routine to meet
every day for a cup of coffee at the
lounge. Today when they meet for coffee
Kiara realized that Sandy is very disap-
pointed. After multiple requests, Sandy
shares that she has been moved to a dif-
ferent department due to layoffs in the
company, and her bonus has been can-
celed to this change for the next pay cy-
cle. Kiara advises her friend to find ways

to get back to her old team.

Table 3.1: Positive And Negative Descriptions Of Image-1
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Positive Description

Negative Description

It’s been twenty long years since Mr.
Harry and Mrs. Harry moved into this
house. This house has been home and
everything for twenty years. Their kids
grew up here and every party for New
Year’s Eve was hosted in their backyard.
Mr. Harry has been promoted to Senior
Director at his company and he has been
asked to move to a different location to
take the position. The entire family is

excited to start a new life at a new loca-

tion.

It’s been twenty long years since Mr.
Harry and Mrs. Harry moved into this
house. This house has been home and
everything for twenty years. Their kids
grew up here and every party for New
Year’s Eve was hosted in their backyard.
Due to Covid, both of them lost their
jobs and have been trying to fix things
for the last 10 months. They couldn’t
find an alternative and so they are mov-

ing out of the house with all the memo-

ries they gathered.

Table 3.2: Positive And Negative Descriptions Of Image-2
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Positive Description

Negative Description

James goes to bed after a very tiring
walk with his puppy, Snoopy. He fell
asleep immediately as his day was pro-
ductive because he completed his assign-
ment on time and scored the highest in
his class in the previous test. He starts
dreaming about being announced as the
only student who scored a 100% in the
final exam. He comes home to realize
that his family gifts him another puppy
for succeeding in his academics. He sud-
denly wakes up from his sleep to realize

it was just a good dream.

James goes to bed after a very tiring
walk with his puppy, Snoopy. He does
not fall asleep easily as his day was re-
ally bad because neither he was able to
complete his assignment on time nor his
test results were impressive. He starts
dreaming about being announced as the
only student who failed in the final exam.
He comes home with a heavy heart to
realize that his puppy is missing as he
forgot to lock the door before leaving for
school. He suddenly wakes up from his

sleep to realize it was just a bad dream

and nothing more than that.

Table 3.3: Positive And Negative Descriptions Of Image-3
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Positive Description

Negative Description

Sasha likes to explore cooking differ-
ent dishes. She wishes to invite her
friends home over this weekend for a get-
together. So she begins to experiment
with making a new dish by looking at the
cookbook. Halfway through the cook-
ing process, Sasha realized that the dish
smells great and looks forward to tasting
the dish. As she takes her first bite of the
final dish, tears roll down her eyes real-
izing that it was one of the best dishes

made by her to date. She is excited for

her friends to try this and experience the

same delight.

Sasha likes to explore cooking differ-
ent dishes. She wishes to invite her
friends home over this weekend for a get-
together. So she begins to experiment
with making a new dish by looking at the
cookbook. Halfway through the cook-
ing process, Sasha realized that the dish
seemed incomplete and waited to taste
the final outcome. As she takes her first
bite of the final dish, she finds the dish is
missing something essential and all the
ingredients are not mixed well to taste

good. She is disappointed to call her

friends for dinner.

Table 3.4: Positive And Negative Descriptions Of Image-4
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Positive Description

Negative Description

After graduating with Bachelors’s in
Computer Science, Samantha has been
trying to get a job as a software engi-
neer. She has been applying to a lot of
companies but does not hear back any-
thing positive.

After waiting for two months, she fi-
nally gets a call for an interview from
her dream company. She attends the in-
terview with full confidence. She comes
out of the interview hall appointed as the
software developer for the upcoming new

team.

After graduating with Bachelors’s in
Computer Science, Samantha has been
trying to get a job as a software engi-
neer. She has been applying to a lot of
companies but does not hear back any-
thing positive.

After waiting for two months, she finally
attends an interview. Worrying about
the outcome, she does not answer the
basic questions asked by the interviewer
properly. She comes out of the interview
hall with the disappointment of not get-

ting a job.

Table 3.5: Positive And Negative Descriptions Of Image-5
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Positive Description

Negative Description

Rita and her family come out to a mall to
shop on the eve of her birthday coming
next week. Rita is excited to see peo-
ple and her parents calm her down to be
careful not to get lost in the mall while
shopping.

The family gets into a shop to select
clothes for Rita and seeing her favorite
color, Rita runs to get them. Seeing Rita
run, mom follows her. Mom stops her
from getting into the crowd and warns

Rita to be careful next time.

Rita and her family come out to a mall to
shop on the eve of her birthday coming
next week. Rita is excited to see peo-
ple and her parents calm her down to be
careful not to get lost in the mall while
shopping.

The family gets into a shop to select
clothes for Rita and seeing her favorite
color, Rita runs to get them. Seeing
Rita run, mom follows her but due to
a lot of people at the dress section, Rita
gets lost and does not find her parents
around her. She panics and searches for
her parents. The shop executive finds
Rita crying looking for her parents and
announces it in the shop so that her par-

ents can get her.

Table 3.6: Positive And Negative Descriptions Of Image-6
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Positive Description

Negative Description

Robert is driving back home after a very
long and tiring day at work. He keeps
on getting office calls while driving back
home as the project he is working on is
in the final stage. He checks his phone to
reply to a message while driving and re-
alizes that he is at the zebra crossing. He
immediately hits the car breaks seeing
a woman walking in front of him cross-
ing the road. He just missed dashing the
woman and the baby with her. Robert
realizes his mistake of using the phone
while driving and never plans to repeat

it.

Robert is driving back home after a very
long and tiring day at work. He keeps
on getting office calls while driving back
home as the project he is working on is
in the final stage. He checks his phone
to reply to a message while driving and
realizes that he is at the zebra crossing.
Due to his high speed, he does not get
to control his car and dashes into the
women crossing the road. The whole in-
cident leads to a big accident injuring
him and the woman and her baby cross-

ing the road.

Table 3.7: Positive And Negative Descriptions Of Image-7
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Positive Description

Negative Description

Lisa is a senior year student. She comes
back home after a tiring day at school.
She has a habit of writing down her per-
sonal experiences for the day. After a
long time, Lisa is happy to write down in
her diary that she became the President
of the Women'’s club at her school. It has
been quite challenging work to campaign
and propagating her agenda for the club.
She is extremely happy that all her hard
work has been paid and she landed in the

position she wanted.

Lisa is a senior year student. She comes
back home after a tiring day at school.
She has a habit of writing down her per-
sonal experiences for the day. Lisa is dis-
appointed as she loses the election for
the President of the Womens club at her
school. It has been quite challenging
work to campaign and propagates her
agenda for the club. She has been work-
ing hard to get this position but she is

heartbroken to lose the elections.

Table 3.8: Positive And Negative Descriptions Of Image-8
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Chapter 4

EXPERIMENT

4.1 Participants

The total number of participants enrolled in this IRB-approved study was 65
undergraduate and graduate students from Arizona State University between ages
17-27. All the participants were well acquainted with the English language and had

basic computer usage skills. I only used data from 50 participants for the analysis.

4.2 Procedure

The study consists of three rounds performed with a minimum gap of three days
to a maximum gap of five days between rounds. For the first and second rounds,
the experiment consisted of two parts. In the first part, an image was randomly
selected from the set of eight images and was displayed for the subject to caption. In
the second part of the round, the same image with a description, i.e, either positive
or negative, was selected randomly and displayed. The participant captioned the
image again after reading the description associated with it. Then a question was
asked to check if the participant understood the description correctly or not. The
participants had to finish the first part and second part for each image before moving
on to the next image. The number of positive and negative descriptions for the images
was equally balanced to maintain the consistency of the game. The only difference
between the first and the second round was that the description in the first round was
chosen at random for each participant whereas, in the second round, the description

was opposite of the description displayed in the first round. For the third round, the
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Experiment Instructions

Figure 4.1: Instructions Page Of The Image Captioning Study.

participant is displayed the same images without any caption, which he or she saw in
the previous rounds, and was asked to caption the image. The time taken to complete
each round was captured using the software.

A website has been built to conduct the study to collect data from the participants.
The home page of the website provides all the instructions for the participant to
successfully complete the study. At the start of the study, the participant creates an
account on the website with his information such as name, age, email, and password.
The primary purpose of this account is to help the participant use the website for the
further rounds of the study. To avoid participants to finish the rounds consecutively
on the same day, the next rounds are locked and can only be accessed after three
days from the completion of the previous round. I have also created alerts through
email for the participants to come back and finish the study after three days after the

previous round.
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Experiment  About Login Register

Please join us today.

Name
Age
Username
Email
Password

Confirm Password

Already Have An Account? Sign In

Figure 4.2: Registration Page Of The Image Captioning Study.

Experiment ~ About Login Register

LogIn

Email
Password

O Remember Me

Login | Forgot Password?

Need An Account? Sign Up Now

Figure 4.3: Login Page Of The Image Captioning Study.
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Experiment  About Account Logout

Part One

Question: 1/8
Time Taken: 13 secs

Caption the image

Figure 4.4: Part-1 Interface Of Round-1 And Round-2 Of The Image Captioning
Study.
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Experiment  Abol Account

Part Two

Please read the description before you
caption as this description changes in each
round.
Sasha likes to explore cooking different dishes.
She wishes to invite her friends home over this
weekend for a get together. So she begins to
experiment making a new dish looking at the
cook book. Half way through the cooking
process, Sasha realized that the dish seems
incomplete and waits to taste the final
outcome. As she takes her first bite of the final
dish, she finds the dish is missing something
essential and all the ingredients are not mixed
well to taste good. She is disappointed to call
Y her friends for the dinner.

Time Taken: 69 secs
’ I Caption after reading the Description
- . J |

. v
~ Is the description Positive or Negative?

N

Positive v

Figure 4.5: Part-2 Interface Of Round-1 And Round-2 Of The Image Captioning
Study.

Experiment  About Logout

Round Three

Question: 1/8
Time Taken: 53 secs

Caption the image

Which description from the past 2 round do
you remember the more ? Positive or
Negative?

Positive v

{ Next

Figure 4.6: Round-3 Interface Of The Image Captioning Study.
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4.3 Data Analysis

The total number of participants for the study was 65 but only 50 participants’
data has been used for the analysis because either some of them didn’t finish the 3
rounds or some of them didn’t finish the rounds with the expected gap between each
other.

Each subject inputs 5 captions for each of the 8 images. The first caption is named
Round-1 Part-1 ( R1-P1), the second caption is named Round-1 Part-2 ( R1-P2), the
third caption is named Round-2 Part-1 ( R2-P1), the fourth caption is named as
Round-2 Part-2 ( R2-P2) and the fifth caption is named as Round-3 (R3).

I propose to analyze the captions to test for similarity and to evaluate sentiment.
It is possible that two captions from the same user are similar in context but differ
in language. To account for such cases, we used the HuggingFace BERT Sequence
Classification pre-trained model Wolf et al. (2020) to identify contextual similarity.
We also used the HuggingFace BERT Sequence Classification pre-trained model to
identify the sentiment of the caption.

The main purpose of conducting different rounds of the experiment with regular
intervals of time is to observe the recall span and retention span of the image captions
when additional information like description is provided with the image. The possible
combinations for this purpose considered are the ability to remember captions from

R1-P2 in R2-P1, from R2-P1 in R3, and from R1-P1 in R3.
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Chapter 5

RESULTS

5.1 Round-1 Part-1 (R1-P1) vs. Round-3 (R3)

Figure 5.1 shows that only 25% of the captions, i.e., 101, were contextually the
same, and 75% of the captions, i.e., 299, were contextually different for R1-P1 and
R3. Figure 5.2 shows the trend in the number of the participants who captioned the
image contextually the same and different for each image from the image dataset. It
is interesting to note that even after looking at the same image five times in total,
and captioning it four times before R3, 75% of participants could not recollect the

first caption they used to caption the image.

Round-1 Part-1 Vs Round-3

B The caption is same

B The caption is different

Figure 5.1: Distribution Of Image Captions From R1-P1 Which Are Contextually
The Same As R3.
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Round-1 Part-1 Vs Round-3
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Figure 5.2: Trend In The Number Of Participants Who Captioned The Image In

R3 Contextually The Same And Different As R1-P1.
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5.2 Round-1 vs. Round-2 and Round-2 vs. Round-3

5.2.1 Round-1 (R1-P1 and R1-P2) vs. Round-2 Part-1 (R2-P1)

Figure 5.3 shows that of the participants who finished Round-1 (R1) and have
seen the images twice, 36% of the participants, i.e., 143, captioned the image in R2-
P1 contextually the same as in R1-P1; 13% of the participants, i.e., 54, captioned
the image in R2-P1 contextually the same as in R1-P2; and the rest, 51%, of the
participants, i.e., 203, captioned the image differently from the previous round. Figure
5.4 shows the trend in the number of the participants who captioned the image in R3

contextually the same as R1-P1, R1-P2, and the rest different for each image from

the image dataset.
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Round-1 Vs Round-2

B R1-P1is contextually the
same as R2-P1

M R1-P2is contextually the
same as R2-P1

H None of the both

Figure 5.3: Distribution Of Image Captions From R1-P1 And R1-P2 Which Are
Contextually The Same As R2-P1.
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Figure 5.4: Trend In The Number Of Participants Who Captioned The Image In
R2 Contextually The Same As R1-P1, R1-P2 And Not The Same.
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Round-2 Vs Round-3

B R2-P1is contextually the
same as R3

M R2-P2 is contextually the
same as R3

¥ None of the both

Figure 5.5: Distribution Of Image Captions From R2-P1 And R2-P2 Which Are
Contextually The Same As R3.

5.2.2 Round-2 (R2-P1 and R2-P2) vs. Round-3 (R3)

Figure 5.5 shows that of the participants who completed Round-2 (R2) and have
seen the images four times, 37% of the participants, i.e., 146, captioned the image
in R3 contextually the same as in R2-P1; 15% of participants, i.e., 61, captioned the
image in R3 contextually the same as R2-P2; and the rest, 49%, of participants, i.e.,
193, captioned the image differently from the previous round. Figure 5.6 shows the
trend in the number of participants who captioned the image in R3 contextually the
same as in R2-P1, R2-P2, and none of both, i.e., the rest are different for each image
from the image dataset.

An interesting observation is that even after seeing the image with extra infor-
mation like the description associated with the image in R1 and R2, the majority of

participants tend to remember the image caption they captioned in R1-P1 and R2-P2
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Round-2 Vs Round-3
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Figure 5.6: Trend In The Number Of The Participants Who Captioned The Image
In R3 Contextually The Same As R2-P1, R2-P2 And Not The Same.

respectively.
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5.3 Trends In Round-1 Part-2 And Round-2 Part-2

Figure 5.7 shows that among the total number of participants whose image caption
from R1-P2 is contextually the same as R1-P1, 67% of participants, i.e., 36, captioned
the image with respect to the positive description associated to it, and 33% of partici-
pants, i.e., 18, captioned the image with respect to the negative description associated
to it.

Figure 5.8 shows that among the total number of participants whose caption from
R2-P2 is contextually the same as in R3, 56% of the participants, i.e., 34, captioned
the image with respect to the positive description associated to it, and 44% of the
participants, i.e., 27, captioned the image with respect to the negative description
associated to it.

It is interesting to note that out of the captions remembered by participants from

Impact of Description from Round-1
Part-2 on Round-2 Part-1

M Positive description

M Negative Description

Figure 5.7: Impact Of Positive And Negative Description From R1-P2 On R2-P1.
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Impact of Description from Round-2
Part-2 on Round-3

B Positive description

B Negative Description

Figure 5.8: Impact Of Positive And Negative Description From R2-P2 On R3.

R1-P2 and R2-P2, positive descriptions tend to have more impact on participants,
causing them to remember the image caption for a longer duration compared to

negative descriptions.
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Chapter 6

DISCUSSIONS

Only 25% of participants were able to recall the captions which they captioned
for an image after 9-15 days. It is interesting that even though the visual working
memory capacity of a human is considered to be three to four objects, participants
tended to retain some of the information for 9-15 days. This may be due to the
fact that some participants were able to relate the situations from the images leading
them to correlate the image with one or more experiences from their past, consistent
with Doerksen and Shimamura (2001); Heuer and Reisberg (1990). Due to this, even
though the images were of no purpose to them, they tended to remember the cap-
tions for a long period, posing an interesting question to examine whether the image
captions were saved to working memory or long-term memory. One other possible
reason for retaining the image caption would be due to the additional information,
i.e., the description, provided with the images. If providing description is a potential
reason for participants to retain the information, it is fascinating to note that if the
hypothesized reason behind remembering the image caption is that of the descrip-
tion, participants tended to recall the image caption which was captioned without
the description.

When comparing the recall rate of the captions between the first and second
rounds, and the second and third rounds, more than 50% of participants were able to
recall the image caption from previous rounds. Out of the 50%, an average of 36% of
the captions recalled were the image captions which were captioned without seeing
the descriptions. This helps to understand that even after seeing extra description

related to a given image, the first impression of the image made on participants has
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more impact and a higher chance to be retained in the working memory than the
caption which had been captioned after seeing the description. This also leads to the
question that given an image without any description, why is it easy for a human to
perceive the image than the description associated with it and relate it.

The primary purpose of using two different descriptions for an image was to un-
derstand the impact of the sentiment of the description on image captioning. As
hypothesized, out of the participants who recalled the image caption with description
in R2 and R3, an average of 60% of participants remembered the caption associated
with the positive description rather than the negative description. It may be con-
cluded that given two outcomes, one positive and the other negative, the human brain
on average tends to remember and retain the positive information corresponding to
the situation rather than the negative information. This also leads to an interesting
question that the working memory capacity of a human tends to change with the
sentiment of the objects associated with it, which is consistent with Buchanan and

Adolphs (2002); Dolan (2002); Hamann (2001); Perlstein et al. (2002).
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Chapter 7

LIMITATIONS

The inferences from this study are limited due to the following reasons:
1. There is no evidence of the mood of each participant while participating in the
study. It is possible that the state of mind and mood may be a potential reason

for the participant to remember some information for longer duration of time.

2. It has been discussed and decided by the committee and the chair members
that the eight images in the image dataset are all neutral images and they can
have a positive and negative outcome associated with it. It may be possible
that the images may be interpreted differently by different people according to

their knowledge and intellect.

3. The positive and negative description associated with the images has been writ-
ten with the approval of the committee and chair members but the sentiment
of the description can vary according to the discretion and interpretation of an

individual.
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Chapter 8

CONCLUSION & FUTURE WORKS

8.1 CONCLUSION

The dissertation tries to understand the importance of working memory on hu-

man tasks such as image captioning. It also introduces descriptions i.e, positive
and negative descriptions, associated with the images to understand the impact of
these descriptions on the image captioning task. In the first section, the dissertation
outlines the goals and motivation behind the problem statement. The dissertation
primarily creates the image dataset for designing the image captioning study. The
dissertation then progresses by developing the image captioning game which should
be completed at regular intervals of time by the participants.
Similar to many other academic works, the research ideas presented in this thesis
ask more questions than answers. Some of the questions are: How can human retain
information in the working memory for a time period of 9 to 15 days? Is it because
the information perceived from the images had already been in long-term memory in
some other form or is it because the human being was correlating the image with his
past memories?

Finally, the findings from the results highlight that participants tend to retain in-
formation for longer periods than the expected duration for working memory, which
may be because participants were able to relate the images with their everyday life
situations. Figure 5.7 and Figure 5.8 give insight that the positive description en-
abled participants to retain and recall more information than the negative description

associated with the image. The most interesting outcome of the study can be summa-
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rized as given a situation with positive and negative information, the human brain is
aligned towards positive information over negative information. This can be a useful
insight in designing future studies and collecting more data to dwell deep into un-
derstanding the additional reasons behind this human behavior. Even though there
are some limitations to this study, the results contribute to the growing research on

working memory and image captioning of humans.

8.2 FUTURE WORKS

e The study can be extended to analyze the sentiment of the image captions from

the current data.

e The study can be extended to incorporate eye tracking to understand the point
of interest of the participants. This will help us to understand in detail the
reasons behind the information being retained in the working memory for more

time than expected.

e The study can also incorporate a survey to record the mood and state of mind
of the participant which can be analyzed to see any correlation between them

to the results from the image captioning study.
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